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GLVSRVHGRI E\ LQFLQHUDWLRQRU ODQG ILOOHGZKLFK LQYROYHV H[SHQVHV DQG FDXVH HQYLURQPHQWDO SUREOHPV
/DQG DSSOLFDWLRQ RI ZDVWH IURP WKH SRXOWU\ LQGXVWU\ DQG WKHLU QHJDWLYH HQYLURQPHQWDO LPSDFW KDV
VWLPXODWHG LQWHUHVWV LQ WKHGHYHORSPHQWRIDOWHUQDWLYHGLVSRVDOPHWKRGV >@/DQGDSSOLFDWLRQRISRXOWU\
UHVLGXHVFDQ UHVXOW LQ UXQRIIV ULFK LQQXWULHQWVZKLFKFDQ LPSDLUZDWHU UHVRXUFHV/DQG DSSOLFDWLRQPD\
DOVRUHVXOWLQWKHVSUHDGRISDWKRJHQVWKHSURGXFWLRQRISK\WRWR[LFVXEVWDQFHVDLUSROOXWLRQDQGHPLVVLRQ
RIJUHHQKRXVHJDVHV>@)XUWKHUPRUHH[FHVVLYHODQGDSSOLFDWLRQRISRXOWU\UHVLGXHVFDQUHVXOWLQQLWUDWH
12 FRQWDPLQDWLRQ RI JURXQGZDWHU ZKLFK FDQ FDXVH PHWKDHPRJORELQDHPLD EOXH EDE\ V\QGURPH
FDQFHUDQGUHVSLUDWRU\ LOOQHVV LQKXPDQVDQGIHWDODERUWLRQV LQ OLYHVWRFN>@6RPHSRXOWU\UHVLGXHVDUH
K\GURO\]HG DQG XVHG DV D IHHG VXSSOHPHQW LQ UXPLQDQW EXW FRQFHUQV DERXW ERYLQH VSRQJLIRUP
HQFHSKDORSDWK\%6(FRPPRQO\NQRZQDVPDGFRZGLVHDVHKDVUHVXOWHGWKHEDQRQWKLVDSSOLFDWLRQ>@
7KH DERYH HQYLURQPHQWDO LPSOLFDWLRQV KDYH VWLPXODWHG LQWHUHVW LQ WKH GHYHORSPHQW RI DOWHUQDWLYH
GLVSRVDOPHWKRGVWRUHSODFHWKHWUDGLWLRQDORQHV6WXGLHVUHYLHZHGVRPHPHWKRGVRISRXOWU\LQGXVWU\ZDVWH
GLVSRVDO ZKLFK LQFOXGH FRPSRVWLQJ DHURELF GLJHVWLRQ DQDHURELF GLJHVWLRQ DQG GLUHFW FRPEXVWLRQ
+RZHYHUWKHPDMRUGLVDGYDQWDJHVRIFRPSRVLWLQJDUHORVVRIQLWURJHQDQGRWKHUQXWULHQWVHTXLSPHQWDQG
ODERU FRVW RGRU DQG DYDLODELOLW\ RI ODQG 6ODXJKWHUKRXVHV ZDVWH DUH LQ JHQHUDO FRQVLGHUHG DV GLIILFXOW
VXEVWUDWHVIRUDQDHURELFGLJHVWLRQEHFDXVHRIWKHLUKLJKSURWHLQDQGOLSLGFRQWHQWOHDGLQJLQSURGXFWLRQRI
VRPH E\SURGXFWV GXULQJ DQDHURELF GHJUDGDWLRQ ZKLFK DUH WR[LF DQG LQKLELWRU\ WR DQDHURELF
PLFURRUJDQLVPVLQKLJKFRQFHQWUDWLRQV&KLFNHQIHDWKHUVDUHDSSUR[LPDWHO\SURWHLQNHUDWLQVPDOO
DPRXQWVRIOLSLGVDQGZDWHU>@
6XFKSUDFWLFDOGLIILFXOWLHV KDYH OLPLWHGDQGKLQGHUHG WKH VXFFHVVIXOHIIRUWVRQDQDHURELFGLJHVWLRQRI
IHDWKHUV DQG RWKHU VROLG SRXOWU\ VODXJKWHUKRXVH ZDVWHV >@ 'LUHFW FRPEXVWLRQ IRU KHDW DQG SRZHU
JHQHUDWLRQLVFXUUHQWO\EHLQJLQYHVWLJDWHG7KH8QLWHG.LQJGRPKDVSRXOWU\OLWWHUFRPEXVWLRQSODQWVZLWK
FDSDFLWLHVUDQJLQJIURP0:WR0:>@
8QIRUWXQDWHO\ WKLV PHWKRG FDXVHV DLU SROOXWLRQ DQG ZRXOG UHTXLUH HIILFLHQW SROOXWLRQ DEDWHPHQW
HTXLSPHQWV WR PHHW HQYLURQPHQWDO SROOXWLRQ VWDQGDUGV 7KH ORZ HQHUJ\ HIILFLHQF\ DQG WKH IRVVLO IXHO
VXSSRUW IRU SURFHVV UXQ UHSUHVHQW FXUUHQW SUREOHPV RI LQGXVWULDO DSSOLFDWLRQV $ SRWHQWLDO PHWKRG RI
VROYLQJ WKH SRXOWU\ UHVLGXHV LV WR FRQYHUW LW LQWR D XVHIXO UHQHZDEOH VRXUFH RI HQHUJ\ RU D FKHPLFDO
E\SURGXFWZLWK QR QHW LQFUHDVH LQ FDUERQ GLR[LGH RU JUHHQKRXVH JDV HTXLYDOHQWV )DVW S\URO\VLV FDQ EH
XVHGWRFRQYHUWWKHSURGXFWLQWRIXHOVDQGFKHPLFDOV7KHWKHUPRFKHPLFDOFRQYHUVLRQRISRXOWU\LQGXVWU\
ZDVWH WR IXHOV ZLOO FRQWULEXWH WR WKH GHYHORSPHQW RI WKH QHZELREDVHG HFRQRP\ DV D UHVXOW RI JRLQJ






8QLYHUVLW\ RI %XFKDUHVW /DERUDWRU\ VFDOH UHDFWRU FRQVLVWV RI D UHIUDFWRU\ VWDLQOHVV VWHHO WXEH H[WHULRU
HOHFWULFDOO\KHDWHGDQGZLWKDQLQWHULRUGLDPHWHURIPP$FWLYHKHDWLQJDUHDKDVDOHQJWKRIPP
+RUL]RQWDO WXEH IXUQDFH LV HTXLSSHGZLWK WZR RXWOHW WXEHVPDGH IRU JDV DQG OLTXLG GLVFKDUJHV UHVXOWHG
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SDG WKDW DOORZV WHPSHUDWXUH SURJUDPPLQJ ZRUNLQJ WLPH UHVLGHQFH WLPH DW SURFHVV WHPSHUDWXUH DQG
KHDWLQJUDWH









$IWHU GU\LQJ LQ DQ RYHQ IRU  K DW WHPSHUDWXUH & WKH VDPSOHVZHUH VOLFHG LQWR VPDOOHU SLHFHV
SRZGHUHGLQDJULQGLQJPLOODQGVWRUHGLQSDFNHGFRQGLWLRQDWQRUPDOURRPWHPSHUDWXUH±&7KH
REWDLQHGSURGXFWZDVXVHGDVDVWDUWLQJPDWHULDOIRUWKHH[SHULPHQWDOSDUW
(OHPHQWDO FRPSRVLWLRQ RI WKH SUREH ZDV GHWHUPLQHG H[SHULPHQWDOO\ XVLQJ DQ (OHPHQWDO $QDO\]HU
(XUR($VHULHVZLWKWKHZRUNLQJWHPSHUDWXUHRI*DV&KURPDWRJUDSK\RYHQ&LQWKHSUHVHQFHRI
KHOLXP DQG R[\JHQ 7KH HOHPHQWDO DQDO\]HU XVHG LV EDVHG RQ 'XPDV SULQFLSOH RI '\QDPLF )ODVK




,Q WDEOH  DUH SUHVHQWHG WKH YDOXHV REWDLQHG XVLQJ FDOFLQDWLRQV HOHFWULF KHDWHG RYHQ ZRUNLQJ DW D
QRPLQDOWHPSHUDWXUHRI&DQG&IRUWKHYRODWLOHFRQWHQWIL[HGFDUERQDQGLQHUWRIWKHVDPSOHV
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WHPSHUDWXUH S\URO\VLV WKH  PLQXWHV WUHDWPHQW SHULRG LV QRW VXIILFLHQW IRU FRPSOHWH YRODWLOH IUDFWLRQ
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$W & WKHS\URO\VLV SURFHVVHV LV LQLWLDWHG DIWHU PLQXWHV DQG FRQWLQXHV IRU DERXW PLQXWHV WLOO
FRPSOHWH FKDU IRUPDWLRQ 7KH S\URO\VLV DW & LV VLPLODU WR & ZLWK UHVSHFW WR YRODWLOH IUDFWLRQ
OLEHUDWLRQHYHQLIWKHSURFHVVVWDUWVLQPLQXWHVDSSUR[LPDWHO\7KHKLJKWHPSHUDWXUHS\URO\VLVLQFUHDVHV
WKHEUHDNLQJRI&& OLQNVZLWKGLUHFWHIIHFWRQFKDU IUDFWLRQ WKDWGHFUHDVHV IURP WRDSSUR[LPDWHO\
$VZHH[SHFWHGOLEHUDWHGJDVHV+&2DQG&+LQFUHDVHWKHLUFRQWHQWDWKLJKHUWHPSHUDWXUHKDYLQJ
DIDVWHUYDULDWLRQZLWKLQWKHILUVWPLQXWHVEXWWKH&2TXDQWLW\LVTXDVLFRQVWDQWGHSHQGLQJRQO\RQWKH
2 FRQFHQWUDWLRQ DV ZH RSHUDWH XQGHU DXWRS\URO\VLV FRQGLWLRQV GXH WR 2 SUHVHQFH LQ UDZ SURGXFW
6LPLODUPDVVYDULDWLRQZDV UHFRUGHG IRU WKHERQHV VDPSOHV WKH& &EHLQJ WKH UHFRPPHQGHG
WUHDWPHQW WHPSHUDWXUH IRU FRPSOHWH FKDU IRUPDWLRQ LQ OHVV WKDQ  KRXU %HOORZ WKLV WHPSHUDWXUH DQG
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GHSHQGLQJ RQ SURGXFW VL]H VRPH ]RQHV PD\ UHPDLQ XQFDUERQL]HG $V WKH SUHVHQFH RI ERQHV LQ UDZ
SURGXFW LV UHGXFHG WKHRYHUDOOS\URO\VLVSURFHVVNLQHWLFV LVGLFWDWHGE\ WKH IHDWKHUVDQGEORRGDQGRWKHU
VODXJKWHUKRXVHZDVWH







GHFUHDVH RI FKDU IUDFWLRQ DQG LQFUHDVH WDU FRQWHQW $W & WKH WDU FRQWHQW LV PD[LP GXH WR PDVVLYH
FDUERQSUHVHQFH$ERYHWKLVWHPSHUDWXUHWKHVHFRQGFKDLQRIUHDFWLRQLQJDVHRXVSKDVHLVLQLWLDWHGDQGWDU
FRQWHQW GHFUHDVHVZLWKS\URO\VLV JDV QRQFRQGHQVLQJ LQFUHDVH7KH HOHPHQWDO DQDO\VLV RI FKDU DQG WDU
UHYHDOHGWKHSUHVHQFHRIVXOSKXULQWDUFRPSRVLWLRQWDEOH,WVFRQFHQWUDWLRQLQFUHDVHVZLWKWHPSHUDWXUH
ULVH7KHKLJKKHDWLQJYDOXHRIHDFKSURGXFWZDVGHWHUPLQHGGLUHFWO\E\FDORULPHWULFH[SHULPHQWDQGWKH
ORZKHDWLQJYDOXH /+9ZDV FDOFXODWHGEDVHGRQK\GURJHQ FRQWHQW7KH UHVXOWV UHYHDOHG DQ LPSRUWDQW
HQHUJ\SRWHQWLDORIS\URO\VLVE\SURGXFWVSURYLGHGE\WKH/+9VXSHULRUWRN-NJ)RUWKLVVSHFLILF
HQHUJ\ FRQWHQW DQ\ WKHUPDO FRQYHUVLRQ FKDLQ FDQ EH DSSOLHG FRPEXVWLRQ RU JDVLILFDWLRQ %DVHG RQ
S\URO\VLVJDVDQDO\VLVWKH/+9ZDVFDOFXODWHGEHWZHHQ±N-1P
7DEOH(OHPHQWDODQDO\VLVRIVROLGDQGOLTXLGS\URO\VLVE\SURGXFWV
& &>@ +>@ 1>@ 6>@ 2>@ &O>@ ,QHUW>@ /+9>N-NJ@
&KDU        
7DU        
& &>@ +>@ 1>@ 6>@ 2>@ &O>@ ,QHUW>@ /+9>N-NJ@
7DU        
& &>@ +>@ 1>@ 6>@ 2>@ &O>@ ,QHUW>@ /+9>N-NJ@
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7KH HQHUJ\ UHFRYHU\ YLD WKHUPDOFKHPLFDO SURFHVVHV LV SURPLVLQJ ZDVWH PDQDJHPHQW VROXWLRQ IRU




FRQWHQW GXH WR GLR[LQV SRWHQWLDO HPLVVLRQV 7KH KLJKHQHUJ\ SRWHQWLDO RI WKLV W\SH RI SURGXFW ZKHQ
FRPSOHWHO\ GULHG DOPRVW 0-NJGULHGBEDVH FRPSDUHG WR ZRRG   0-NJ UHFRPPHQGV WKH WKHUPDO
SURFHVVLQJ 7KH S\URO\VLV SUHWUHDWPHQW SURFHVV FRXOG UHSUHVHQW D VROXWLRQ IRU SURGXFW KRPRJHQL]DWLRQ
DQGZDWHUUHPRYDO&RQGXFWHGDWORZDQGPHGLXPWHPSHUDWXUH&&WKHS\URO\VLVSURFHVVFDQ
JHQHUDWH VXSHULRU HQHUJ\ SRWHQWLDO E\±SURGXFWV JDV WDU DQG FKDU 7KH /+9 RI VROLG DQG OLTXLG E\
SURGXFWV LV FRQVLGHUDEO\ KLJK  ± 0-NJ7KH S\URO\VLV JDV DERXW  N-1P FDQ EH XVHG IRU
SURFHVV HQHUJ\ VXSSRUW ,I ORFDO HOHFWULF HQHUJ\ GHPDQG LV SUHVHQW WKH FKDU DQG WDU VWHDPJDVLILFDWLRQ
IROORZHGE\2WWR'LHVHORU%UD\WRQF\FOHFRXOGEHDYLDEOHVROXWLRQ7KHLPSRUWDQWZDWHUFRQWHQWRIWKH
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